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Background: The effects of glucose on cardiovascular events or mortality in nondiabetic patients has been recently reported. 
However, since atherosclerosis can be formed over a long period of time, it is necessary to devote several years to unveil the rela- 
tionship between the two factors. Here, we attempted to find out the relationship between the mean hemoglobin Ale (HbAlc) 
level and HbAlc variability for 5 years and coronary artery disease (CAD) by using coronary angiography (CAG) to assess non- 
diabetic patients. 

Methods: We reviewed patients who performed CAG who were followed up for at least 5 years after the initial diagnosis. The 
fasting blood test was performed annually for glucose and HbAlc level. CAD was defined as more than 50% of luminal narrow- 
ing. The severity of CAD was divided into two groups depending on whether no vessels were involved or one more vessel were 
involved (CAD(-) or CAD(+), respectively). 

Results: The patients in CAD(+) group had higher mean HbAlc level for 5 years than CAD(-) group (5.71 ±0.40 vs. 5.86±0.68; 
P=0.04). Mean HbAlc was a significant predictor for CAD in multiple regression (odds ratio, 2.224; P= 0.028). The percentage 
of patients with CAD was significantly higher in patients with > 6.2% of mean HbAlc levels compared to patients with < 6.2% of 
mean HbAlc levels (P<0.019). 

Conclusion: When the mean HbAlc levels were above 6.2%, the risk of CAD was higher. Also this study shows that HbAlc lev- 
el can be one of the predictors for CAD even if the patients do not have diabetes. 
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INTRODUCTION 

Diabetes is a well-known and an important risk factor for cor- 
onary artery disease (CAD) [1-6], but several studies have 
demonstrated the correlation between blood glucose levels and 
coronary atherosclerosis even in nondiabetic patients [7-12]. 
Hemoglobin Ale (HbAlc), which reflects the average plasma 
glucose level for the several months prior to examination, have 
been used in many epidemiology studies as a parameter for 



glycemic control, and those studies reported the relationship 
between HbAlc and the chronic complications of diabetes 
[13,14]. Furthermore, increased levels of HbAlc are reported 
to be associated with the presence of coronary atherosclerosis 
and atherosclerosis burden [5] . In addition, few other studies 
have shown the relationship between HbAlc and atheroscle- 
rosis in nondiabetic patients [4,15-20]. 

It is well-known that it takes a long while until vessel chang- 
es by diseases such as atherosclerosis eventually cause a CAD. 
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Previous studies that were conducted mainly focused on the 
HbAlc levels, but it failed to yield comprehensive results re- 
garding the effect of chronic changes of vessels, induced by 
atherosclerosis, on the glucose level. In addition, observing the 
fluctuations in the blood glucose level over prolonged periods 
have been emphasized these days over reading the HbAlc lev- 
el only once to represent the average glucose level for over sev- 
eral months. The authors of Diabetes Control and Complica- 
tions Trial study suggested the potential of HbAlc variability 
in diabetic complications to represent longer duration of glu- 
cose control. Their study showed that the possibility of associ- 
ation between HbAlc variability and chronic diabetic compli- 
cation including cardiovascular events and microvascular 
complications in type 1 diabetes [21,22]. 

In normal people, their glucose levels would not be constant 
even for one day and their glucose levels would be oscillating 
for several years. Thus, the HbAlc levels that are measured for 
5 years and the degree of inconsistency would also be different. 
In this study, we attempted to reveal the relationship between 
the mean HbAlc levels for over 5 years and its variability dur- 
ing that time and coronary atherosclerosis in nondiabetic pa- 
tients. 

METHODS 

This study was performed in a retrospective manner, based on 
chart review. The data, collected by the cardiology department 
of Maryknoll Medical Center, regarding the patients who have 
conducted coronary angiography (CAG) since 2004 was used 
in this study. The systolic and diastolic blood pressure of these 
patients were checked every clinic visit according to the prin- 
ciples for baseline assessment which was set up by the depart- 
ment. The patients underwent fasting blood test including rou- 
tine complete blood count liver function test, kidney function, 
and lipid profile at least once a year. Their fasting glucose and 
HbAlc levels were monitored every year as a screening test for 
diabetes mellitus. Inclusion criteria of our study was that the 
subjects must have performed CAG due to chest pain and had 
been followed up in our institute for at least 5 years before the 
final CAG. CAG was taken when the patients had typical an- 
gina chest pain and also atypical chest pain for differential di- 
agnosis. The subjects with known diabetes and diagnosed as 
diabetes during follow-up based on fasting blood sugar > 126 
or HbAlc >6.5% were excluded. The patients who had mea- 
sured their HbAlc level at least three times during the follow- 



up period were elected. The final 211 patients who were select- 
ed did not have a history of diabetes mellitus or any biochemi- 
cal evidence. The mean HbAlc was calculated, and the HbAlc 
variability assessed by standard deviation (SD) of HbAlc lev- 
els for 5 years. HbAlc at CAG is the serum HbAlc levels mea- 
sured at the time CAG was performed. CAD was defined as 
the presence of one or more lesions of more than 50% luminal 
narrowing in the coronary artery. Our data were analyzed with 
the SPSS version 18 (IBM Co., Armonk, NY, USA). Compari- 
son of multiple factors between groups divided by CAD was 
performed by Student Mests. Logistic regression analysis of 
CAD with the variables was performed. The proportion of pa- 
tients who had CAD among the groups divided by the mean 
HbAlc were analyzed with the chi-square test. P value less 
than 0.05 was considered as statistically significant. HbAlc 
was measured by ion exchange high performance liquid chro- 
matography using Variant II (Bio-Rad, Hercules, CA, USA). 

RESULTS 

The mean age of our subjects was 65.79 ± 10.95 years, of which 
102 of the subjects were male. BMI was 24.02 ±2.69 kg/m 2 , and 
estimated glomerular filtration rate (eGFR) was 54.60 ±30.33 
mL/min/1.73 m 2 . HbAlc at the time of CAG was 5.93%±0.57%, 
SD of serial HbAlc level for 5 years was 0.32 ±0.22, and the 
mean HbAlc for 5 years was 5.76% ±0.52% (Table 1). We di- 
vided the subjects into three groups by smoking history. With- 
in these groups, 172 patients were in the nonsmoker group, 22 
patients in 1 to 20 pack year group, and 27 patients were in the 
above 20 pack year group. We also divided the patients into two 
groups based on the presence or absence of CAD. Interesting- 
ly, the percentages of patients in each groups that were divided 
by smoking history were not different between the CAD(-) and 
CAD(+) group (Table 1). Between the two groups, the mean 
systolic blood pressure was not significantly different, but the 
diastolic blood pressure was significantly lower in the CAD(+) 
group compared to the CAD(-) group (70.68 ±13.36 mm Hg 
vs. 74. 10 ± 10.68 mm Hg). Other characteristics including age, 
percentage of male, BMI, eGFR, and lipid profiles were not 
significantly different between the CAD(-) and CAD(+) groups. 
In addition, neither the HbAlc level at the time when CAG was 
taken (5.90%±0.52% in CAD(-) group and 5.99%±0.67% in 
CAD(+) group) nor its SD showed any significant difference. 
However, the mean of HbAlc for 5 years in CAD(+) group 
was significantly higher than CAD(-) group (5.86% ±0.86% vs. 



http://e-dmj.org Diabetes Metab J 2014;38:58-63 



59 




Kim JJ, et al. 



Table 1. Comparison of risk factors between groups divided by the presence of coronary artery disease 



Factor 


■ r « i i 

lotai 


CAU(-) 


CAD(+) 


P value 


No. 


221 


146 


75 




Age, yr 


65.79 ±10.95 


65.45 ±10.99 


66.47 ±10.89 


0.512 


Male/Female 


102/119 


60/86 


42/33 


0.035 


BMI, kg/m 2 


24.02 ±2.69 


23.93±2.71 


24.21 ±2.65 


0.500 


eGFR, mL/min/1.73 m 2 


54.60 ±30.33 


55.42 ±2.65 


53.01 ±26.97 


0.577 


Hx.ofHTN 


136 


89 


47 


0.806 


Smoking 








0.153 


Nonsmoker 


172 


120 


52 




<20 pack year 


22 


12 


10 




>20 pack year 


27 


14 


13 




TC, mg/dL 


164.89 ±37.07 


164.63 ±35.51 


165.38 ±40. 17 


0.886 


TG, mg/dL 


148.43 ±79.52 


149.34±81.38 


146.73 ±76.48 


0.825 


LDL, mg/dL 


93.28 ±30. 18 


92.25±28.16 


95.20±33.74 


0.510 


HDL, mg/dL 


45.66± 13.88 


46.28 ±13.86 


44.50 ±76.48 


0.387 


SBP, mm Hg 


120.61 ±17.68 


120.99± 17.68 


119.88± 17.80 


0.661 


Jjr>r, mm rig 


TO QA 4-11 1 A 

/Z.V4± 11. /4 


1 A 1 f\ 4- 1 f\ £Q 


/U.OO± 1 J.JO 


f\ C\AC\ 

U.U4U 


FBS, mg 


98 (5.4) 


98 (4.4) 


102 (5.8) 


0.087 


HbAlcatCAG, % 


5.93±0.57 


5.90 ±0.52 


5.99 ±0.67 


0.221 


SD of HbAlc 


0.32 ±0.22 


0.31 ±0.19 


0.34 ±0.27 


0.329 


MeanHbAlc,% 


5.76 ±0.52 


5.71 ±0.40 


5.86 ±0.68 


0.049 


Medications 










ARB or ACEI 


92 (41.6) 


57 (39.0) 


35 (46.7) 


0.137 


CCB 


109 (49.3) 


72 (49.3) 


37 (49.3) 


0.713 



Values are presented as number, mean± standard deviation, or number (%). 

CAD, coronary artery disease; BMI, body mass index; eGFR, estimated glomerular filtration rate; Hx. of HTN, history of hypertension; TC, to- 
tal cholesterol; TG, triglyceride; LDL, low density lipoprotein; HDL, high density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; FBS, fasting blood sugar; HbAlc, hemoglobin Ale; CAG, coronary angiography; SD, standard deviation; ARB, angiotensin II recep- 
tor blocker; ACEI, angiotensin converting enzyme inhibitor; CCB, calcium channel blocker. 



5.71%±0.40%; P=0.049) (Table 1). With these result, the pa- 
tients were divided into four groups: < 5.7%; > 5.7% and < 6.0%; 
>6.0% and <6.2%; >6.2% and <6.5% of HbAlc for 5 years. 
Further analysis with the new groups showed that the percent- 
age of patients with CAD was significantly higher in patients 
with mean HbAlc levels between 6.2% and 6.5% compared to 
other groups (_P<0.019). On the other hand, other groups did 
not show any difference in the percentage of CAD(+) patients 
(Fig. 1). Male sex, total cholesterol, LDL cholesterol, and mean 
HbAlc were the independent predictors for CAD in nondia- 
betic patients who were adjusted by age, BMI, blood pressure, 
HbAlc at CAG, and SD of HbAlc (Table 2). 



60 r 
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5.7-6.0 6.0-6.2 6.2-6.5 

HbAlc mean (%) 



Fig. 1. The percentage of patients with coronary artery disease 
in groups divided by the mean hemoglobin Ale (HbAlc) levels. 
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Table 2. Predictors for coronary artery disease in nondiabetic patients analyzed by multiple logistic regression 





B 


SE 


P value 


Odds ratio 


95% CI for EXP (B) 




Lower limit 


Upper limit 


Age, yr 


-0.001 


0.017 


0.937 


0.999 


0.966 


1.033 


Male sex 


0.087 


0.004 


0.027 


1.465 


1.211 


1.651 


Smoker 


0.042 


0.011 


0.098 


1.155 


0.998 


1.224 


BMI, kg/m 2 


0.022 


0.071 


0.754 


1.022 


0.889 


1.175 


TC, mg/dL 


-0.030 


0.014 


0.032 


0.971 


AO/1/1 

0.y44 


o.yy / 


T FU mrrMT 
LjLJLjy IIlg/U-L 


a 


U.ul J 


A A30 


1 A39 


1.003 


1.063 


TG, mg/dL 


0.005 


0.003 


0.100 


1.005 


0.999 


1.010 


HDL, mg/dL 


0.011 


0.015 


0.468 


1.011 


0.981 


1.042 


SBP,mmHg 


0.000 


0.015 


0.989 


1.000 


0.972 


1.029 


DBP,mmHg 


-0.023 


0.025 


0.356 


0.977 


0.929 


1.027 


SD of HbAlc 


0.919 


1.027 


0.370 


1.508 


0.335 


2.755 


HbAlc at CAG, % 


-0.950 


0.667 


0.154 


0.387 


0.105 


1.430 


Mean HbAlc 


1.653 


0.753 


0.028 


2.224 


1.195 


3.841 



B, the coefficient for the constant; SE, the standard error around the coefficient for the constant; CI, confidence interval; EXP, the exponentia- 
tion of the B coefficient, which is an odds ratio; BMI, body mass index; TC, total cholesterol; LDL, low density lipoprotein; TG, triglyceride; 
HDL, high density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure; SD, standard deviation; HbAlc, hemoglobin Ale; 
CAG, coronary angiography. 



DISCUSSION 

Our study showed that higher mean HbAlc levels for 5 years 
might be related to CAD even in nondiabetic subjects. In our 
study, the mean HbAlc levels taken over the previous 5 years 
were better predictors for coronary atherosclerosis than the 
HbAlc levels measured at the time CAG was taken. For several 
years now, a few reports have studied the relationship between 
HbAlc and atherosclerosis in nondiabetic patients. Moreover, 
one study followed up on older, nondiabetic adults for 8 years 
to elucidate the relations between HbAlc, fasting plasma glu- 
cose, postchallenge plasma glucose, and mortality from car- 
diovascular disease (CVD) and ischemic heart disease (IHD) 
[4]. The authors concluded that the highest quartile of HbAlc 
(>6.7%) is a predictor for CVD and IHD mortality in women 
without diabetes, but not in men. In addition, another study 
concluded that increased levels of HbAlc in asymptomatic in- 
dividuals without diabetes are associated with the presence of 
coronary atherosclerosis where a burden of mixed coronary 
plaques gathers [8] . Additionally, accumulating evidence sug- 
gested high levels of HbAlc as an indicator of significantly in- 
creased risk for ischemic stroke in nondiabetic male adult and 
presented HbAlc as a potential predictive factor for even those 



in the nondiabetic range [15,23]. 

When we divided the patients into four groups according to 
their mean HbAlc levels for 5 years, the patients with a mean 
HbA 1 c value of > 6.2% showed a significantly increased percent- 
age of CAD(+) patients compared to those with lower HbAlc 
levels. It has been well known that prediabetes is also a risk 
factor for cardiovascular pathologies like diabetes [12,24,25]. 
However, fasting hyperglycemia and postprandial hyperglyce- 
mia, so called impaired fasting glucose and impaired glucose 
tolerance, which are better predictors for cardiovascular event 
are largely debated [11,12]. More studies suggested that post- 
prandial hyperglycemia is a better predictor or even the only 
predictor for risk of CVD [4,16]. However, in our study, the 
postprandial glucose levels were not taken as there are difficul- 
ties in measuring the exact postmeal glucose level in clinical 
practice. Nevertheless, our results indicated that the mean 
HbAlc levels for 5 years were related to CAD, but not fasting 
glucose levels. It has been reported that the postprandial glu- 
cose level is elevated in earlier stages than fasting glucose levels 
in the natural course of type 2 diabetes. Although HbAlc is 
the average glucose levels including fasting and postprandial 
glucose levels, the contribution of postprandial glucose is big- 
ger than fasting glucose in lower HbAlc levels. Considering 



http://e-dmj.org Diabetes Metab J 2014;38:58-63 



61 



dmj 



Kim JJ, et al. 



such knowledge, our results which demonstrate the correla- 
tion between HbAlc and CAD but not with fasting glucose 
maybe consistent to the previous findings in other studies. The 
reason why the already known risk factors for CAD such as 
age and blood pressure did not act as predictors in our study is 
not clear. One possible explanation might be the small num- 
bers of our study subjects due to our selection criteria. As a re- 
sult, the age was higher in CAD(+), although not significant. 
Also, the blood pressures were well- controlled in our study, 
perhaps preventing it from acting as a predictor. 

There are some reports that suggest the variability of HbAlc 
as a risk factor for diabetic complications. Oscillating glucose 
levels can lead to endothelial dysfunction and more oxidative 
stress, which can be more deleterious than a constantly high 
glucose level [26]. Kilpatrick et al. [21] reported that the vari- 
ability of HbAlc can be used to predict the complications in 
type 1 diabetes. Furthermore, it is known to be an important 
risk factor for all cause mortality in type 2 diabetic patients [27] . 
We also attempted to elucidate the relationship between HbAlc 
variability and coronary atherosclerosis in nondiabetic patients, 
but in our study the HbAlc variability did not show any differ- 
ence between the CAD(+) and CAD(-) groups and was not 
even a predictor for CAD. We suspect that this could be because 
HbA 1 c variability was represented as SD, which was very small 
in lower HbAlc levels of nondiabetic patients. 

Our study has several limitations. First, the subjects in our 
study were enrolled from a single center. Second, this study is 
an observational study, not a randomized controlled study. Here, 
CAD was defined as the presence of one or more lesions of 
more than 50% luminal narrowing in coronary artery. Yet, the 
degree of CAD was not separated, and to confirm the diagno- 
sis for diabetes mellitus, we should have performed a 75 g oral 
glucose tolerance test (OGTT). However, OGTT is not conve- 
nient because patients must drink uncomfortable test liquid 
and wait for 2 hours. So, we used fasting glucose level and HbAlc 
to screen for diabetes. However, because the cholesterol vari- 
ability for 5 years was not checked, it is impossible to tell if 
cholesterol changes may also affect coronary atherosclerosis. 

In conclusion, our study showed that the mean HbAlc lev- 
els for 5 years may be a significant predictor for CAD even in 
patients that are not diagnosed with diabetes, but HbAlc lev- 
els measured at the time of CAG and the HbAlc variability for 
5 years are not suitable. 
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